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BETTER MATERIALS FOR 


New developments bring new problems. The design- 


ing of an improved direct-drive steam engine, for 


oil-field service, necessitated the use of a material 
that would withstand continuous subjection to high 
steam temperature (550° to 600°F.). 

The manufacturer adopted a Chrome-Nickel-Moly 
(0.50—1.00% Mo) iron for vital engine parts. Due 
to its Moly and Chromium contents, its high growth 
resistance assures maintenance of the close toler- 
ances necessary to efficient engine performance. 


PRODUCERS OF FERRO-MOLYBDENUM, 


HIGHER TEMPERATURES 


This iron also has advantages from the standpoint 
of production costs. The castings are free from defects. 
They have fine grain in the heavy sections and satis- 
factory machinability in the light sections. 

On the foregoing points alone, Moly irons warrant 
careful consideration. And there are many others, 
likewise attested in practice. Our book, “Molyb- 


? 


denum in Cast Iron,’ will show the way to more 


economical high-strength castings. It is free. 


Climax Molybdenum Co., 500 Fifth Ave., New York. 


CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 
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AUTHORS 


E. A. DOCKSTADER, chief structural engineer 
for the Stone & Webster Corporation, is best suited to 
give readers of this month’s TEcH ENGINEERING NEws 
the structural details of the architectural wing. Mr. 
Dockstader graduated from Colgate University in 1911 
and did aa ah work at the University of Wisconsin 
and the State College of Montana. He was connected 
with his father’s architectural firm before joining the 
Stone & Webster Corporation in 1917. 


DR. HERBERT T. KALMUS, author of the 
article on Technicolor, and president of Technicolor, 
Inc., graduated from the Institute in 1904. Since that 
memorable day he has chiefly concerned himself with 
producing motion pictures, although in 1912 he was 
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Courtesy E. I. du Pont de Nemours, Inc 


head of the Research Laboratory of Electrochemistry 
and Metallurgy for the Canadian Government. From 
the time that he and his associates first began investi- 
gating color photography, using a discarded railway 
mail car as a laboratory, the progress of Technicolor 
has been slow but sure. But its progress has also been 
phenomenal, if one compares the color movies of fifteen 
years ago with those of today. 


WALTER E. MORTON, JR., is a member of the 
class of 1941 at Massachusetts Institute of Technology 
and is enrolled in Metallurgical Engineering. He pre- 
pared at the Oak Park High School in Oak Park, IIl. 
After a thorough investigation of the subject he wrote 
the article “Paper” which appears in this issue. 


















to give you fast 
nation-wide service 


ABILITY to serve you better is the 
reason for the Bell System. Its set-up is 
simple as A, B, C. oO American Tele- 
phone and Telegraph Company coordi- 
nates all system activities—advises on all 
phases of telephone operation—searches 
for improved methods. 2 25 associated 
operating companies provide telephone 
service in their own territories. Be The 


Long Lines Department of the A. T. and 


T. Co. inter-connects the 25 operating 
companies—handles Long Distance and 


oO Bell Telephone 


Laboratories carries on the scientific re- 


overseas service. 


search and development for the Bell 
System. Western Electric is the 
manufacturing and distributing unit. 
These Bell System companies, working 
as a team, give you the world’s finest 


telephone service—at low cost. 
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The cover this month is from a photograph of the Wyman Dam, 
by Fred Walker, with The Murray Printing Company 
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HE latest addition, now 

under construction, to 
the ~ of buildings 
of the Massachusetts 
Institute of ieileadtnin needs 
no introduction to the Tech 
student body. The thump of 
the pile hammers driving the 
last piles for its foundation 
marked the opening of the 
fall semester. A_ billowing 
shroud of canvas protection 
around its rising, reinforced, 
concrete frame "marked the 
approach of winter, and the 
rattle of riveting guns on the 
steel frame of i its dome section 
played a pleasing accompani- 
ment to the midyear exami- 
nation period. 

The general features of the 
structural frame are already 
familiar from daily observa- 
tion of construction progress. 
Some features of the completed 
building not yet apparent may, 
however, be of interest. The 
basic architectural design was conceived by Mr. 
William Bosworth, architect for the original Tech- 
nology group, and his conception has been worked out 
and developed by Coolidge & Carlson, Associate 
Architects, of Boston. 

Stone & Webster Engineering Corporation has 
developed the structural design, with Charles T. Main, 
Inc., as consulting engineers on the foundations. Stone 
& Webster Engineering Corporation is also designing 
the heating and ventilating systems, mechanical equip- 
ment, lighting and electrical features, and is con- 
structing the building. 

The new building consists of a central section 
approximately 100 feet square, surmounted by a lime- 
stone-covered dome which rises to a height of more 
than 100 feet above the street. Three wings adjoin 
this central section. The south wing about 90 feet long 
and 60 feet wide extends from the dome section to the 
existing Pratt School of Naval Architecture. The 
north wing, lying beyond the dome section toward the 
Guggenheim Aeronautical Building, is 65 feet in width 
and about 113 feet long, making the total facade of the 
new structure on Massachusetts Avenue over 300 feet 
in length. The east wing is approximately 60 feet 
square and lies behind the dome section as viewed from 
the street, connecting the new building to existing 
Building No. 3. 

The central dome section serves as a new main 
entrance from Massachusetts Avenue to the entire 
Technology group. Anyone who is familiar with the 
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large number of students and 
others who formerly entered 
through the basement door of 
the existing building to which 
the new east wing connects, 
will appreciate the need for a 
main entrance at this location. 
A wide flight of steps from the 
sidewalk on Massachusetts 
Avenue leads up through an 
impressive limestone colon- 
nade to the new main entrance 
doors, which in approved mod- 
ern fashion open automati- 
cally through the medium of 
an “electric eye” into a spa- 
cious lobby having a clear 
height above the first floor of 
more than 85 feet. The ceiling 
of this lobby consists of a 
deeply coffered plaster dome 
rising above large free stand- 
ing stone pillars. At the sec- 
ond and third floor levels, open 
Photograph by Tyler galleries with ornamental rail- 
ings extend across the back 
and each side of ‘the lobby, 
while the entrance colonnade extends to the full height 
of the lobby at the front. 

With this general outline of the building in mind, 
let us consider some of the features of the structural 
design, and naturally this starts with the important 
matter of foundations. Those who have taken the 
Institute’s excellent course in soil mechanics are familiar 
with the subsoil conditions underlying this entire site. 
and will recall that at a depth of about 40 feet below 
the ground level, we find the surface of a deep bed of 
clay, of varying consistency, but generally soft in char- 
acter. This clay bed is from 80 to 100 feet in thickness 
and overlies a slaty rock. Under these conditions your 
knowledge of soil ‘mechanics will tell you that unless 
an excavation is made such that the weight of the 
material removed is equal to the weight of the building, 
or unless the foundations are carried through the clay 
to rock, settlement must be expected. For the building 
in question, either of these procedures was prohibitive 
in cost, and unwarranted in view of the generally satis- 
factory performance of the existing pee of Technology 
buildings, which are carried on “the clay strata, and 
which, despite settlements of considerable magnitude, 
are in good condition after over twenty years’ service, 
although there has been some cracking. 

For this building, therefore, the problem became 
one of carrying the building on the material above the 
clay with foundations which would reduce differential 
settlement to a minimum, and then to arrange the 
structure so that it would accommodate itself to 
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possible settlement with the least distress. Immediately 

over the surface of the clay there is a stratum of firm, 
coarse sand and gravel at some places only a few feet 
thick and at others 18 or 20 feet thick. An old creek, 
now filled in, formerly entered the site near the north 
end of the new building and flowed diagonally across 
the property to enter the Charles River leas between 
the main group of buildings and the Walker Memorial. 
This creek apparently eroded the firm sand and gravel 
overlying the clay so that it is thinnest at the north 
end of the north wing. The material from ground sur- 
face to this sand and gravel stratum consists of a het- 
erogeneous mixture of loose sand, gravel, soft silt, 
muck, shells, and the like. Wood piles were driven 
through this unstable material to deliver the load of 
the structure to the firm sand and gravel which serves 
as a blanket to spread the building load as uniformly 
as possible over the clay. Great care was taken during 
pile driving to compare the length of piles with the 
records of borings and to stop driving with the tips of 
the piles in the sand at least a few feet above the clay 
regardless of the bearing value indicated by pile driving 
formulae, as driving through the sand into the clay 
would only serve to remold the clay and increase its 
compressibility. 

For the north, south and east wings, foundations 
consist of continuous pile footings under the exterior 
walls and pile groups under the pairs of interior columns. 
The superstructure of the wings consists of a continu- 
ous reinforced concrete frame, with considerable rigidity 
to resist any tendency for differential settlement. The 
superstructure of the dome section, whether built of 
steel or reinforced concrete, could have little rigidity, 
since it consists of columns around the periphery of a 
100-foot square, with only eight main interior columns 
in four pairs, widely spaced and with no floors across 
its interior. For the p ee section, therefore, rigidity 
to resist possible differential settlement had to be pro- 
vided in the foundation, and in this section, with its 













ornamental treatment, the effects of possible differ- 
ential settlement would be especially serious. 

The foundation of the dome section, therefore, con- 
sists of a heavy, reinforced concrete mat continuous 
over the entire 100-foot square, except for an octagonal 
hole in the center of this mat where there is no appre- 
ciable superimposed load. In addition, the basement 
walls around the periphery of the dome section are 
continuous, except for door and other necessary open- 
ings, and are reinforced as deep continuous distributing 
girders to resist possible differential settlements. 

Furthermore, to enable the new building to accom- 
modate itself to possible distortions with the least dis- 
tress, joints are provided through the full height of the 
superstructure between the dome section and each of 
the three wings. The foundations between the dome 
section and the north and south wings are continuous, 
the columns of a wing on one side of the joint and of 
the dome section on the other side of the joint resting 
on a common base, so that there can be no vertical 
slippage at the joint. The superstructure on each side 
of the joint, however, is completely separated except 
for light horizontal dowel bars across the joint at floor 
levels. Should the 300-foot length of building tend to 
bow, the dowel bars will resist the opening of the joints 
to the limit of their strength, but will be much weaker 
than the structural frame, and should the tendency to 
bow progress sufficiently, the dowels can rupture with- 
out harm to ,the structure, permitting the joints to 
open. In other words, two definite planes of weakness 
have been provided in a long building known to be 
subject to possible settlement, to the end that if the 
distortion becomes such that cracks are unavoidable, 
they will occur at these locations, where no damage to 
either the structural frame or the limestone facade will 
result. 

The reinforced concrete frame of the north, south, 
and east wings offered no unusual design problem, 
although the detailing required careful attention, to 
make the forms auto and to permit their re-use to 
the greatest extent possible. Professor Vose rendered 
great assistance in connection with the design and con- 
trol of the concrete mix, as well as on mortar, brick- 
work and other similar features. Control cylinders 
have been cured and tested in the Massachusetts Insti- 
tute of Technology laboratory. Crushing strength of 
these cylinders has been well above the design strength, 
but we must remember that the strength of the con- 
crete in any structure under curing conditions prevail- 
ing in the field, especially for winter work, is less than 
that of laboratory cured cylinders. Concrete was 
mixed at the central batching plant of the Boston Sand 
and Gravel Company and delivered by truck to the 

job, hoisted to the required level and buggied to the 
place of deposit. To carry on successfully a concrete 
job of this magnitude through a New England winter, 
(Continued on page 119) 
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@ TRI-COLOR 
TECHNIQUE 


DR. HERBERT T. KALMUS 


President and General Manager 
Technicolor Motion Picture Corporation 
Technicolor, Ine. 


OME Technology men under the general direc- 
tion of the writer had embryonic ideas of what 
has since become the Technicolor process for 
photographing and making prints of motion 

ne in natural colors. Two Boston men, the late 

illiam H. Coolidge, and C. A. Hight, now president 
of the United States Smelting Company, were the orig- 
inal financial angels. Much experimenting had been 
done, small scale preliminary results were shown, and 
pictures in color of a sort were actually thrown on the 
screen, causing considerable excitement. One day in 
1915 it was decided by Messrs. Coolidge and Hight to 
organize a corporation to own, control, and develop 
this enterprise, and among other assignments I was to 
bring in a suitable name for this corporation the follow- 
ing morning. 

As a Tech man not too many years beyond gradua- 
tion the word “Technique,” the name of our annual 
class book, was fresh in my memory. And obviously it 
was color, so putting the words “Technique” and 
“color” together, [ invented the name “Technicolor.” 

We originally called upon Messrs. Coolidge and 
Hight for $10,000. How ridiculous that seems now. 
During the next few years the calls upon them grew to 
a total of $300,000. With that money we built the first 
Technicolor laboratory, which was within a railway car, 
equipped with all necessary machinery to sensitize and 
develop negatives, and to make rush prints. This car 
we ran over the rails to Florida. It was stationed on 
the siding of an ice house, where it functioned as a 
laboratory for the production of the first Technicolor 
picture, “The Gulf Between.” This picture starred 
Grace Darmond and Niles Welch. 

Upon completion I screened “The Gulf Between” 
for Mr. Erlanger in New York, and we made arrange- 
ments to release it as a road show. That first Techni- 
color process was an additive one, requiring special 
attachments on the projector in the theater booth and 
plenty of added light compared with black and white. 
After watching the show in Buffalo for a few days I 
decided that to keep special attachments in register 
required an operator who was a cross between a college 
professor and an acrobat, and then and there Techni- 
color gave up additive processes and special attach- 
ments on the projector. 

In the present state of the art I believe in the sub- 
tractive process with the color on the film. In that 
way the work of rendering motion pictures in natural 
color is done in the laboratory where it belongs, and 
not as an added task and responsibility during the act 
of projection in the theaters. 

After the $300,000 were spent, Mr. ey 3 told 
me, “You can do anything you want with this Techni- 
color enterprise provided you do not ask us for any 
more money, provided you do not let anybody in on 
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The three-color production camera 
which is used in making Technicolor pictures 


a basis of less than $6 per share, which has been our 
average price, and further provided you do with our 
stock what you do with your own.” He wound up by 
saying, ‘You had better go after millions and not hun- 
dreds of thousands and I think that means New York.”’ 

Through the late William P. Daniels of Boston I 
met Judge William Travers Jerome, formerly district 
attorney of New York City. He admitted that he had 
an appetite to further good technical developments, 
that he had the scientific training and experience to 
detect the real from the unreal, and that he had asso- 
ciates with the required capital. All that sounded 
good to me. The Judge arrived in my office in Boston 
one morning at 9.30 for the purpose of investigating 
the Technicolor enterprise for himself and his New 
York associates. I had offered them 150,000 shares of 
Technicolor stock at $8 a share. Immediately upon 
arrival, the Judge asked if I would have my secretary 


On the left is the two-color experimental camera 
first developed, and on the right is the production camera 
which evolved from it 





Illustrations courtesy of Technicolor Corporation 
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reserve transportation back to New York that same 
day on the one o'clock train. I told him he could not 
possibly get that train and do anything serious about 
Technicolor. He thought he could, so tickets were 
obtained. He actually remained three days, and in due 
course Technicolor obtained $1,200,000 from the 
Jerome group, which originally included Marcus Loew, 
then president of Loew’s Inc., Joseph Schenck, now 
chairman of Twentieth Century-Fox Film Corporation, 
and Nicholas Schenck, now president of Loew’s Inc. 

Subsequently the Judge and I interested the late 
A. W. Erickson, the late William Hamlin Childs, 
Eversley Childs, James B. Colgate, and Alfred Fritzsche, 
and later through them Albert W. Hawkes, John Mc- 
Hugh and Harry McCann among other prominent New 
Yorkers who have since taken an important interest in 
the financing and management of Technicolor. 

One of the early milestones i in the history of Tech- 
nicolor was a contract which the writer made with 
Douglas Fairbanks for production of “The Black 
Pirate” entirely in Technicolor. The picture did well 
at the box office and received extraordinary praise from 
the critics. But it was a headache for Technicolor. 
Our process was then two-component and our prints 
were double-coated. 

As is well known, all motion pic ture positive film, 
including present-day Technicolor, is coated with emul- 
sion on one side of the celluloid base and it curls slightly 
concave toward the emulsion side. This curvature 
makes necessary a slightly different focus in projection 
from what would be the case were there no such curva- 
ture. But the double-coated Technicolor film of the 
“Black Pirate” days, being coated on both sides, could 
curl in either direction, and constantly jumped from 
one to the other. And at each such jump it went out 
of focus. So Technicolor was obliged to send repre- 
sentatives among the distributing exchanges and the- 
aters in order 40 keep, supplying fresh prints and 
ironing out the curvature of the old ones. By this 
experience we lost our interest in double-coated film 
and we set to work to develop a film which should 
be single-coated like black and white film. This was in 
1924. 

In 1925 a rift developed in the technical organiza- 
tion, as a result of which Dr. D. F. Comstock, E. A. 
Weaver, and W. E. Whitney, among others, left the 
Technicolor company, whereas Dr. Herbert T. Kalmus, 
Dr. Leonard T. Troland, J. A. Ball, Natalie Kalmus, 
George A. Cave, Robert Riley and Russell Conant, 
among others, remained with it. At that time the 
process was still in the two-component stage; the pres- 
ent three-component development came in "1932. 

The first all- talking, all-Technicolor picture was 

“On with the Show,” produced by Warner Bros. in 
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1929. Jack Warner, for his company, was the first to 
contract for an important series of feature productions 
in Technicolor. In this series was “Gold Diggers of 
Broadway,” which has grossed over $3,500,000 and 
which still ranks among the first half-dozen all-time 
outstanding box-office attractions. 

During this boom period for Technicolor, that is, 
during the years 1929 and 1930, more work was under- 
taken than could be done satisfactorily. The producers 
pressed Technicolor to the degree that its cameras 
operated day and night. Many pictures were made 
which the writer counselled against, and all of this was 
in the face of the fact that to book a picture in our 
crowded schedules called for a $25,000 cash deposit. 
At one time Technicolor had $1,600,000 of such advance 
payments. 

This rush scarcely permitted Technicolor cameras 
to cool out. But this premature boom was doomed to 
failure, if for no other reason than because the Techni- 
color process was then a two- -component process. In 
Warner Bros. “Wax Museum” and in Sam Goldwyn’s 

“Whoopee,” the Technicolor two-component process 
may have reached the ultimate that is possible with 
two components. Such product was not sufficiently 
compelling and was obliged to give way to the three- 
component process which Technicolor was at that time 
developing in its research laboratories. Technicolor 
used the $1,600,000 of advances to expand its plants 
and equipment and later paid back every dollar of it 
in one form or another to its customers. 

The difference between the Technicolor three- 
component and two-component products is extraordi- 
nary. In the latter the skies were greenish, foliage 
unreal, and many compromises had to be made ioeaer- 
out the spectrum. With the three-component process 
skies, water, foliage, faces, every shade of every color 
may be faithfully “reproduced. 

The writer felt it safest to try out the newly born 
three-component process first with cartoons and later 
to pass to the more complicated problems of studio 
production. Hence in 1933-1934 we had Disney’s 
“Three Little Pigs” and “The Big Bad Wolf” among 
many delightful Silly Symphonies. The first serious 
attempt at three-component work in the studio was in 
the short subject, “La Cucaracha,” which met with 
such tremendous success in 1933. 

The success of “‘La Cucaracha”’ satisfied Merian C. 
Cooper, Jock Whitney, John Wharton, and their asso- 
ciates that the three-component process was free from 
the shortcomings of the two-component process. And 
so an agreement was entered into under the terms of 
which Pioneer Pictures, Inc., a corporation formed by 
these gentlemen, undertook to produce eight important 
Technicolor features, and serious steps were taken in 
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connection with Technicolor financing. 

During all the years prior to “Three Little Pigs” 
and “La finer at this lusty Technicolor child called 
for much financial nourishment. It had all the usual 
childish diseases, and severe growing pains as well. 
Many of the calls were of magnitude, but happily 
Messrs. A. W. Erickson, William Hamlin Childs, 
Eversley Childs, James B. Colgate, and Alfred Fritzsche, 
among others, stood by staunchly through it all. On 
the business and technical sides J. A. Ball, Dr. L. T. 
Troland (until his death), Natalie Kalmus, and the 
writer have remained with the enterprise since its 
earliest days. 

Following the success of ““La Cucaracha” there have 
been produced hundreds of short subjects and many 
feature-length productions. Recently there has been a 
flow of successful Technicolor pictures, among which 
are the following: “Adventures of Robin Hood,” “‘Ad- 
ventures of Tom Sawyer,” “A Star Is Born,” “Divorce 
of Lady X,” “Garden of Allah,” “God’s Country and 
the Woman,” “Goldwyn Follies,” “Gold Is Where You 
Find It,” “Her Jungle Love,” “Ramona,” “Snow 
White and the Seven Dwarfs,” “Trail of the Lonesome 
Pine,” “Vogues of 1938.” And since those pictures, 
there are now in production in Hollywood or in London 
the following pictures: ‘Valley of the Giants,” a Warner 
Bros. picture, starring Wayne Morris, Claire Trevor, 
Jack LaRue and Frank McHugh; “Men With Wings,” 
a Paramount picture, starring Fred MacMurray, Ray 
Milland and Louise Campbell; “Northwest Passage,” 
a Loew’s picture, starring Spencer Tracy, Robert 
Taylor and Wallace Beery; “The Drum,” a London 
Films picture, starring Sabu, Raymond Massey, Valerie 
Hobson and Roger Livesey. 

In 1934 Technicolor sold approximately 11,000,000 
feet of positive prints; in 1935, 22,000,000 feet; in 1936, 
37,000,000 feet; in 1937 over 40,000,000 feet; and dur- 
ing the first four months of 1938 at the rate of over 
80,000,000 feet per year. At the present time it has 
more business on its books than at any time in its 
history. 

It is increasing its plant capacity to take care of 
130,000,000 feet per year beginning sometime in 1938. 
About $1,000,000 have been appropriated for additional 
buildings, machinery and equipment for this expansion 
program. 

Technicolor has recently entered into a new con- 
tract with Walt Disney, Ltd., which gives Technicolor 
exclusively all his color productions for two years from 
March 1, 1938, including thirty-nine more Silly Sym- 
phonies and Mickey Mouses. Nearly every outstand- 
ing producer has signed contracts with Technicolor for 
important feature pictures for production during the 
coming two or three years, a number of them for a 
series of six or more. 


Technicolor is no longer calling upon its directors 
and friends for financial support from time to time, but 
is in splendid shape. It has no bonded indebtedness nor 
preferred stock outstanding and no bank loans. It has 
net current assets of approximately $3,000,000, most of 
which is cash. 

From year to year Technicolor is steadily improving 
its quality and reducing its costs. What Technicolor 
has done to improve the appearance of the stars on the 
screen and to reduce their apparent years has been the 
talk of Hollywood! Not infrequently we hear a star 
say that he or she never wants to be seen in black and 
white again; and similarly directors, after Technicolor 
experience, often say that they never want to make a 
black and white picture again. 

The research and development departments of Tech- 
nicolor, in co-operation with others, are constantly 
active in improving quality, developing a more simple 
camera, perfecting a single negative to obviate the 
present necessity for three negatives, and generally aim- 
ing to increase the efficiency and lower the costs of the 
studio operation of its process. This latter, however, 
depends as much upon the activity and co-operation of 
the producers and their cameramen and art directors 
as it does upon the Technicolor organization, including 
its laboratory staff, cameramen and color directors. 

The great strides that were made in the application 
of sound to motion pictures began in earnest only when 
the studios in co-operation with the original sound engi- 
neers took hold of the problems involved. The writer 
is happy to acknowledge the very great help and the 
extremely valuable co-operation which Technicolor is 
now enjoying in almost every studio in Hollywood and 
in some of the more important studios abroad. 

Technicolor product for the year 1937 was sold to 
43 different customers, including most of the important 
producers and distributors in the motion picture indus - 
try. Analysis of shipments made shows that prints 
were manufactured and shipped on 320 different sub- 
jects. For most productions 2 ed shipments were made 
to approximately 45 different countries. This required 
preparation and manufacture of foreign language titles 
Pi 9 a special cutting, and either superimposing 
titles or dubbing a sound track in the languages of 
those countries. Often from 25 to 35 per cent of the 
revenue from a feature is derived from foreign sources. 
So the Technicolor business is international in scope. 

During the past year Technicolor has established a 
(Continued on page 122) 


Another view of the three-color production camera 
now in use 


















































































Pulp for shipment 


T this moment you are staring at the product 

of one of America’s major industries — 

paper. As a matter of fact, a survey by a 

awed magazine shows that in 1936 the aver- 

age American citizen “consumed” 226 pounds of paper. 

which is more than twice the weight of meat he con- 

sumed over the same period. This fact is not startling 

when we consider the number of newspapers, maga- 

zines, and books we purchase every year. Paper is a 

vital, throbbing industry affecting every one of us and 

involving billions of dollars and millions of feet of wood 
every year. 

An investigation of the paper industry shows that 
it naturally falls into two distinct divisions, the man- 
ufacturing process and the economics, and the industry 
is more easily understood if examined in that order. 
The manufacturing process has been practically the 
same for 125 years, but the financial side presents a 
constantly changing picture so complex that those 
directly connected with the industry cannot under- 
stand it. 

* * * x 

Papyrus is generally considered the closest fore- 
runner of paper. The date of its origin is uncertain, 
but the ancient Egyptians used it many centuries 
before the birth of Christ. Papyrus was made by inter- 
weaving the fibers of a reed that grew on the banks of 
the Nile. The mat was then pressed and various mate- 
rials were added to give it more body and a smoother 
surface. : 

Paper, as we know it today, can be traced back to 
120 B.C. when it came into use in China. It was 
exclusively Chinese until the middle of the eighth cen- 
tury. At this time a state of unrest existed on the 
border between Arabia and China. In 751 a Chinese 
force attacked one of the more important Arabian 
border towns but was repelled. In the course of the 
battle the Arabs took some prisoners, among them a 
few Chinese paper makers. The Arabs were quick to 
jump at this new convenience, and there are in exist- 
ence today Arabian manuscripts dating back to the 
ninth century. The Arabs used linen fibers to produce 
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a stout paper that was devoid of watermarks. 

From all indications paper made its entry into 
Europe by way of Greece at the end of the eleventh 
century. It was established in Spain by the Moors in 
the middle of the twelfth century. The Arabian influ- 
ence in Sicily brought paper to Italy at about the same 
time, and shortly thereafter Italy became the center 
of a rapidly growing industry which by 1350 was well 
established in Europe. 

Prior to 1800 every sheet of paper had to be laid 
by hand, but in 1798 Nicolas Robert, a Frenchman, 
invented the first straight line machine for laying 
paper. The machine became known as the Fourdrinier 
machine after the brothers who commercialized it. 
Paper was still made from rags, but early in the nine- 
teenth century it was found that certain wood fibers 
were satisfactory. Despite the fact that Europe was 
still well stocked with trees, America with its gigantic 
supply of wood was the logical place for the localiza- 
tion of an industry that was dependent upon wood for 
its success. 

The early printers in America imported most of 
their paper, but by 1690 the first American mill had 
been established at Germantown, Pa. The war with 
all its printed matter and the divorce from England 
that it brought about caused a greater demand for 
American paper, and at the end of the war over 80 
mills were in operation. Under the protection of the 
first tariff the paper industry grew rapidly, and in 1810 
200 mills produced $2,000,000 worth of paper products. 
The first wood grinder in this country was built in 
1867 and set up in Massachusetts. Here in the virgin 
forests of New England the industry thrived for the 
next few decades. 

Today New England forests are depleted, and the 
New England mills import pulp from Canada. The 
Great Lakes forests have been and are being ravaged. 
The dense woods of the Pacific Northwest have attracted 
some attention, but their distance from the eastern mills 
limits their trade to the coast and Japan. The more 
important foreign pulp sources are Finland, Sweden, 
Russia, and Canada. The most common pulp trees are 
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softwoods such as spruce, fir, hemlock, and pine, and 
temperate hardwoods such as poplar, gum, and chest- 
nut. Another important source of pulp is old paper 
which, in this country, supplies 30 per cent of the pulp 
for new paper and 54 per cent of the pulp for paper- 
board. 

When the pulp arrives at the mill it is in lengths of 
4, 8, and 16 feet. At the mill the wood is cut to lengths 
of 24 and 32 inches. The bark must then be com- 
pletely removed as the slightest amount will cause 
undesirable specks in the finished paper. There are 
several methods of reducing this w to a practical 
size for making pulp. The two most widely used 
methods are chipping and grinding. In the chipping 
process the wood is run through chippers which cut it 
to pieces approximately 44 inch square and jg inch 
thick. In grinding, the wood is fed into grinders that 
reduce the logs to fibers. This type is known as ground- 
wood. 

As the wood is ground water washes it out of the 
grinder and the product is known as groundwood slush. 
The slush is screened to remove slivers and foreign 
materials; resinous substance is removed by pressing 
the slush between wire screens which force out the 
water containing the dissolved resins. The pulp is then 
bleached and mixed with fresh water after which it is 
ready to be mixed with the other materials used in the 
manufacture of paper. 

There are three important chemical methods of 
transforming wood to pulp: the soda process, the sul- 
phite process, and the sulphate process. The soda 
process was the first chemical means used to manufac- 
ture pulp. The sulphite pulp is the most expensive, 
the most widely used, and the most versatile. The 
sulphate process is the most recent (1911) and is 
attracting much attention, because by this process it 
is possible to employ the heretofore unusable southern 

ines. 

The soda process originated about 1850 as a result 
of the Prem for a paper that would not rot or turn 
brown on exposure to sunlight. Poplar, basswood, or 
similar deciduous woods are chipped and placed in lead 
digestors containing an eight per cent solution of caustic 
soda and cooked for between eight and ten hours under 
steam at a pressure of 100 pounds. The P pg is dis- 
charged into iron tanks where it is washed to remove 
dissolved organic matter and clinging soda. It is then 
bleached from four to six hours at 60 degrees F. in a 
bleaching powder bath. The fibers —e are short 
and the paper made with them is of little strength. 

The sulphite process is somewhat the same. The 
chips are covered with a liquor of sulphurous acid and 
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its calcium and magnesium salts. The digestors are 
large steel cylinders having spherical tops and conical 
bottoms, about 35 feet high and 14 to 15 feet in diam- 
eter, and lined with acid-resisting brick. The chips are 
cooked under 80 pounds of live steam, and at the end 
of eight hours all the resinous matter of the wood has 
been dissolved. The pulp is then thoroughly washed 
and screened and may be bleached if desired. 

The sulphate pulp, as has been said, employs pine 
chips which are boiled in a solution of sodium sulphate 
containing some caustic soda, They are boiled for 
30 hours and the resulting pulp produces the so-called 
kraft, a very strong and tenacious paper, brown in color, 
which is used for bags and wrapping paper. 

The treatment of rags and old paper is much the 
same. They are boiled in an alkali, generally caustic 
soda, washed, and screened in the same fashion as wood 


a 
tach of these pulps has its own particular function, 
and quite often they are used together. Newsprint, 
which must be cheap but not permanent, is made from 
a mixture that is chiefly inexpensive groundwood pulp. 
Book paper, which should be soft and bulky, is made 
largely of soda pulp to produce a uniform, well-filled 
sheet. Sulphite, unbleached, is made into wrapping 
aper and used to give strength to newsprint. When 
Siaadeed it goes into high-grade book arid writing 
papers. 

From this point on the progress of the different 
pulps is more or less the same. The beater or mixing 
room is the crossing point of the paths of the mechani- 
cal (groundwood) pulp and the chemical pulp. The 
chemical pulp is made up of finer, longer fibers and 
less resinous or ligneous material than the mechanical 
pulp. However, the mechanical pulp is necessary to 
give the paper the proper surface. Size, the soap of 
common resin, is also added to prevent ink from run- 
ning. Alum is used to make the size cling to the fibers. 
Colors may also be added. The whole mixture is thor- 
oughly beaten and mixed and then conducted to a 
machine called a jordan, which refines the product. 
The pulp is now ready to be laid as paper. 

Probably the least understood of the whole manu- 
facturing process is the laying of the paper. The appa- 
ratus which converts pulp and water to paper consists 
of three parts, the Fourdrinier machine which actually 
lays the paper, the press which strengthens the paper 
and removes some water, and the drier which removes 
all but about 7 to 10 per cent of the water. 

The pulp and water enter the so-called wet end, 
where they are mixed in the ratio of 1:25 up to 1:200, 

(Continued on page 118) 
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HE modern trend of living in the world has 
brought about many novel innovations. There 
has long been a demand for a substance that 
could easily be moulded into any desired shape 

and yet be strong enough to be practical and attractive 
enough to appeal to the public. Thirty years ago an 
inefficient and quite unsatisfactory solution was offered 
in the form of a phenol resinoid plastic. Today the 
picture is much different, for hardly a day goes by in 
which we do not handle or otherwise use some sort of 
plastic. In the morning we shut off an alarm clock 
that is housed in a plastic case. Before retiring we 
brush our teeth with a plastic handled brush, while all 
through the day plastics continually bob up. 

To so many minds the word plastics means a brittle 
unattractive black substance used many years ago for 
radio control boards. Actually, however, plastics covers 
an infinitely larger field, and every day the substances 
become more versatile and more easily worked. 

In 1907 Dr. L. H. Baekeland presented the world 
with a plastic substance which he called “*Bakelite.“ For 
many years “Bakelite” was synonymous with “‘plas- 
tics,” but with the development of the material many 
new names have appeared on the scene. 

Dr. Baekeland’s substance was a phenol formalde- 
hyde, but research soon introduced other synthetic 
resins, the most important of which is a urea formal- 
dehyde. More recent developments have seen the intro- 
duction of cellulose derivatives, nitrate and acetate: 
proteins including Henry Ford’s soya bean derivative; 
and natural resins as the basic ingredie nt of plastics. 
Each of these substances has a use whie h it serves best, 
and different types must quite often be handled dif- 
ferently. 

There are several methods of handling the ““blank”’ 
resins. The two most common means are compression 
moulding and injection moulding, which are exactly 
what their names imply. In compression moulding a 
blank is placed in a heated steel mould and hy drauli- 
cally pressed into shape. It is then cooled and knocked 
out of the mould. Along with compression moulding is 
stamping, which really amounts to rapid compression 
moulding. Injection moulding i is becoming increasingly 
popular. The resin is generally used in a granular 
form, and a plunger forces the material through a heat- 
ing tube into the mould. As in compression moulding, 
the “casting” is cooled and then removed from the 
mould by knock-out pins. 

The simplicity of moulding a plastic accounts to a 
great measure for the rapid acceptance of the sub- 
stance in recent years. The only finishing necessary is 
the removal of the sprue from injection moulded articles 
and the flash or overflow from compression moulded 
articles. Of course, most items must be polished before 
being put into use, and this is done by wheel buffing, 
tumbling, or dipping, or painting with lacquer. 
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The versatility of the moulded matter makes it impossible to forecast 
what the future may hold, for even today the uses to which plastics have 
been put is amazing. Let us examine a few of the most popular brands and 
some of the uses to which they are put. 

Tenite, made by the Tennessee Eastman Company, is a cellulose acetate. 
It is used for making fish lures that are advertised as having “‘a fishy look 
in water.” Tenite also appears in door knobs which “do not break, dent, or 
tarnish.” A leading manufacturer of hand saws finds it advantageous to use 
Tenite for the handles. Telephones of Tenite can be made to blend with 
any decoration scheme. 

Durez, by General Plastics, is used in industrial capacities as parts of 
machines. In addition, complete plastic automobile dashboards are turned 
out by General Plastics. Scientific instruments, electrical appliances, and 
office machines are but a few of the many things encased in Durez. 

Our old friend Bakelite might be an integral part of an oil well, an ash 
tray, a notion box, or a condenser housing. “Bakelite is still much used by 
radio builders. The Bakelite Corporation also has seen fit to put the same 
resins that go into Bakelite into paints which are protective and wear- 
resisting. 

Plaskon solved the Toledo Scale Company’s scale housing problems by 
producing a strong, light, and attractive housing. Many of the beautifully 
colored radio cabinets we see today are made with Plaskon. 

Let it be known here that the aforementioned products are not the only 
uses to which each plastic is put, for practically every plastic is put to all 
of the uses. The number of different plastics is fast approaching the number 
of uses to which the resins are put. On the market today are Du Pont’s 
Plastacele, Celluloid’s Lumarith, American Cyanamid’s Beetle, and any 
number of equally and less important brands. 

Each company is busily engaged in research to improve its product and 
to find new uses for its plastic. E ach company produces countless “‘different”’ 
plastics which differ only slightly in specifications but, as a result, have 
entirely different uses. 

It begins to appear that perhaps one day we shall find ourselves sleeping 
in plastic beds and pressing our noses against plastic windows. However, 
those that are proclaiming an “Age of Plastics” must remember that glass 
and rubber have come a long way in the past few years. It is certain, though, 
that plastics have only scratched the surface of ‘their possibilities, for their 
lightness of weight, strength, color, and versatility will lend them to even 
greater things in the future. 


Photos Courtesy Tennessee Eastman 
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EDITORIALS 


THE PRESS VERSUS SCIENCE 


In recent years there has come about an unfortu- 
nate tendency to distort scientific advancement because 
of political beliefs and prejudices. This tendency has 
manifested itself to an excessive degree in the general 
attitude of our American press. Since the editorial 
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policies of a newspaper are controlled by and reflect 
the beliefs of the owner of that journal, it is only natu- 
ral that we see these prejudices wielding an unfavorable 
influence on the convictions of the reading public. A 
most prominent example of this antagonistic attitude 
has been evidenced by the general attitude towards 
scientific progress in Germany. 

It is certainly a sorry state of affairs that necessi- 
tates such a foolish and blind consideration of German 
progress simply because her socialistic and totalitarian 
form of government differs widely from our democracy. 
You probably realize how utterly foolish it is for our 
newspapers to belittle Germany because of her use of 
synthetic materials, especially when this attitude is 
motivated by a basic disagreement on political beliefs. 
Our country has seman and can do so today, only 
as a democracy. Germany has always enjoyed its 

eatest advancement and success under dictators — 
Frederick the Great, Bismarck, and Hitler. But instead 
of our realizing that this might be the case, we refuse 
to tolerate a dictatorship and hinder this new Germany, 
five years of age, through the power of the press. Her 
use of synthetic materials is a result of economic neces- 
sity and not a preparation for war as we are led to 
believe. Unfortunately her land is not blessed with an 
abundance of raw materials as is ours. But instead of 
giving up in despair she is meeting this challenge and 
overcoming it by ingenious chemical industries that 
change wood into wool, coal into gasoline, and waste 
lumber into sugar. From these great scientific accom- 
plishments our newspapers find subject matter for criti- 
cism rather than praise and malicious propaganda 
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rather than constructive encouragement. But instead 
of seeing scientific advancement, we are blinded by 
political prejudice. 

German chemists were able to produce an oleo- 
margarine indistinguishable from butter; potato flour 
has been mixed with wheat flour for bread; and farm 
crops are regulated to fill needs and eliminate over- 
supply as well as poner. 0 These steps gave Ameri- 
can newspapers an excellent opportunity that made 
them the laughing stock of the Germans because of the 
stories printed here in the United States concerning the 
food shortage in that country. The food shortage is 
not in Germany; it comes closer to being here in 
America. A stroll through the section of any German 
town where the poor people live will show them living 
in new apartment houses similar to our government 
mass housing projects, and the children are not the 
half starved, undernourished variety that you find in 
abundance in any of our slums. By means of govern- 
ment control, the harvests are shared by all rather than 
their relying on the profit motive which makes our 
country a land of “starvation in a land of plenty.” 
Now understand, please, that this is not a suggestion 
that we adopt Naziism in the United States. The Ger- 
man form of government would not have the remotest 
possibility of success in our country of democracy. | 
only point out the above example to show that the 
halo about the head of democracy is tarnished a little 
and our newspaper efforts might be better directed 
towards shining up these blemishes. 

In the last three years the German army has been 
greatly publicized because it has come up so quickly on 
a par with the other European powers lonlt through 
the superior efforts of her highly advanced industries. 
So we make Germany out to be a trouble maker simply 
because she is following the militaristic policies led by 
our less publicized European “friends.” The Maginot 
Line was a domineering challenge that must obviously 
necessitate a Siegfried Line. Because the United States 
is not surrounded by a ring of eleven potential enemies 
as is Germany, we do not understand her military 
policies nor the intricate problem facing the European 
hodgepodge. Our political prejudices are therefore the 
influencing factor that causes us to be antagonistic 
towards Austrian union with Germany and the occu- 
pation of the Sudetenland, while we ignore similar past 
actions such as Rumania grabbing Bessarabia, Poland 
taking the Vilna territory from Lithuania, Russia 
seizing the Ukranian People’s Republic, and Italy 
removing the Dodecanese Islands from Greece. 

Today Germany is the most industrialized nation 
in the world. Because of this her people hate and fear 
war more than we do, and they realize that they would 
lose more by war than any other country in Europe. 
The scientific advancement that has built industrial 
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Germany is being hindered and harassed by politically 
prejudiced people. When talking with Germans in their 
own country, talking with industrialists, laborers, stu- 
dents, politicians, and soldiers, they always ask, “Why 
do the American newspapers show such an unfriendly 
attitude toward Germany?” We can only admit that 
our press is controlled in such a manner that it reflects 
the political and racial prejudices of the respective 
owners and thus hinders and destroys the true under- 
standing of the solutions to her complex scientific, 
industrial, economic and political problems. 


SCIENCE AND THE WORLD 


Today’s world is seething with activity and intrigue. 
Behind every move of the international powers are 
some scientific foundations. Hitler feels that he can 
cope with the world because his chemists can make 
Germany economically independent by synthesizing 
the necessities of life. America feels that her scientists 
have created airplanes that can out-maneuver and out- 
fight any other planes in existence. 

Science also plays an important part in the peaceful 
life of the world. To science we owe our electric razors, 
our speedy automobiles, our amazing radios, and so 
many of the conveniences of life that have come to be 
regarded as necessities. Science is continually at our 
beck and call, right at our elbow, yet the world is in- 
clined to neglect and misuse the greatest gift that 
science has given us — the scientific method of thought. 

Algebra is required of all high school students, not 
especially because they might some day be engineers, 
but primarily to teach them to analyze and reason. 
The scientific method is simple and direct, and in the 
chemistry laboratory it is stated simply: experimenta- 
tion, observation, and deduction. Even more simply it 
might be stated: analysis and decision. The issue at 
stake today involves the best sible use of this 
method. Hitler, Mussolini, and the other great world 
powers use the scientific method to accomplish their 
ends. The people should be taught to fight back with 
the same methods. 

In its haste today the world does not attack its 
problems in a scientific manner. The masses gullibly 
swallow glibly spoken phrases uttered by the dictators, 
leading them to believe things which if analyzed could 
be proven false. If each individual would weigh each 
statement he reads, or hears, to determine which are 
true and which are fallacious, there would be no dicta- 
tors, political or economic. 

It is particularly important in days like these to be 
careful and retain our rationality, for once the scien- 
tific method of thought is discarded, it can not be 
regained. With it go freedom of thought, and with that 
personal liberty. As students and instructors in a sci- 
entific institution, it is our duty to foster precise and 
direct thinking, teaching it to the ignorant, and making 
the intelligent use it. Therein lies the future of democ- 
racy, for » “reel is founded on freedom of thought. 
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STUDENT RESEARCH 


In Co-operative Course 


Most students while in school have only a vague 
idea of the work that they are to do in industry when 
they have graduated. Here at Technology there are 
several co- -operative courses where the student is given 
an opportunity to work while in school, and thus learn 
something about the particular industry in which he is 
interested, and see what is expected of him when he 
graduates. It has been my good fortune to be one of 
these co-operative students, and having been one | 
think that anyone who has missed such an educational 
opportunity has missed half of his education. 

In the summer after the sophomore year, dependent 
upon the business conditions, the co-operative work 
starts. During the past few years the work has been 
limited, and has been so arranged as to give all of the 
students at least one term of co-operative work. One 
question that naturally arises is whether or not we are 
given work that would be given to a new employee, and 
if we are treated as special people and given work 
entirely out of the normal line of work. This can be 
answered only in one way, and that is that we are 
treated just the same as any other employee in the 
company, even to the point of receiving a salary. At 
first, the work is so different from anything the school 
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has to offer that the student is overcome. However, 
he soon finds that it is not so terrifying, and begins to 
see what his job is and how best to perform it. 

The first bit of work that was given to me when | 
began the term at the Bell Laboratories was to assem- 
ble a private branch exchange crossbar. It was my 
job to order the necessary parts and equipment from 
many blueprints and drawings, and once having the 
apparatus, to supervise the construction of the PBX. 
When completed, the PBX was turned over to another 
department, the one for which it was built, and they 
ran tests on the model. While in this Trial Installation 
Department many other smaller pieces of apparatus 
were built, inc luding an A-l Noise Reducer for use on 
the transoceanic telephone circuits, and a LOE] Tele- 
graph Repeater. 

The second term’s work was entirely different. This 
time I was put into one of the many research labora- 
tories, where, it was my job to run tests on a newly 
designed vacuum tube. In telephone work high quality 
reproduction is the goal, and every effort is made to 
improve the apparatus so that continuous improve- 
ments are made in the quality. This new tube was so 
designed as to give better quality, and it was my 
assignment to determine what improvement had been 
made, if any. Knowing the nature of the problem the 
next thing is to devise a system for measuring the 
improvement, and make it as sensitive and accurate as 
possible. This calls for as much ingenuity as one has 
at his command, and many hours can be spent before 
a satisfactory arrangement is obtained. When the sys- 
tem is satisfac ‘tory, the measurements begin, and occupy 
most of the time, except for occasional interruptions to 
remedy some defect. The greatest joy that is received 
from a set of measurements is to get readings of two 
days to agree. After the necessary measurements are 
made the results are written up in the form of a techni- 
cal report, which ends the work. 

In other departments of the Laboratories, the other 
students were busy designing vacuum tubes, making 
transmission and impedance measurements, designing 
filters, working with telegraph systems, making acous- 
tical measurements, and various other jobs. Those who 
find co-operative work in the other companies discover 
many different jobs to occupy their interests, such as 
the design of turbines, motors, and testing equipment 
manufactured in the various plants. 

What is the value of a course of this type? It gives 
the co-operating companies a closer connection with 
the source of future employment, and even gives them 
a chance to try out a few prospects in their plants. 
When the course is over, the student and the company 
know whether he will be a success in that line of work, 
or whether he had better find work elsewhere. Usually 
the choice is so well made that the student taking the 
co-operative work finds work with the co-operative 
company. This course is essentially a preview of what 
the student will do when he graduates, providing he 
has been successful and chooses this type of work. 


John H. Craig. 
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WORLD’S FAIR PAVILION 


Although just one of the typical problems attacked throughout 
the year by Course IV men, this mythical “Exposition Center for 
M. I. T.” seemed of such timely interest that it appears here. 
Walter Pulsifer °39 developed the plan as a fourth year problem 
and has outlined in his writing the general method of approach to 


such an architectural scheme. 


The purpose of an exposition building at a World’s 
Fair is to attract attention by any of various methods. 
These methods may be by color, by an astounding 
type of construction, or by making the exposition 
pavilion radically different from those adjacent to it. 
In this particular case the colors were set at cream, 
light sky blue, light and dark green, and red in spots. 
The pavilion, representing a founded institution, 
demanded dignity. 

The plot of ground provided was rather small and 
sloped from front to back. This called for a compact 
plan which easily led the visitor from one level to 
another. A reversed “S” plan was decided upon, the 
floors ramping up slightly all the time. This layout 
seemed to psychologically lead to an element of sus- 
pense, the visitor wondering what exhibit would be 
around the corner in addition to the marvelous ones 
he had already seen. The exhibits are always on his 
left, while on his right are comfortable chairs and 
lounges which will induce him to sit and study more 
closely the wonders of science which are about him. 
If he wishes, the visitor can leave the building after 
half touring it by means of either the main rotunda 
or through the rear and onto another street. The idea 
behind the scheme is to press the visitor on to see more, 
yet not to press him so hard that he feels confined. 
Administration offices are on the second floor, accessible 
to anyone who wishes to learn more about the Institu- 
tion yet out of the way of those who merely come to 
see and then to leave. 

The drawing card of the pavilion should be impres- 
sive and dignified, and a drum made entirely of glass, 
impressive by its size and simplicity, was chosen. The 
diameter of the drum is approximately sixty feet, the 
glass being inside of the eight columns which support 
the roof. In the center is a large statue of Massachu- 
setts Institute of Technology’s seal, at the base of which 
is the information desk. 

The walls of the first part of the “S” are plywood, 
girders being also of plywood “‘scientifically nailed” on 
2 x 3’s and 2 x 4’s, a light, economical construction for 
temporary use. This is dictated because the exhibits 
are along the wall. The walls of the other half of the 
“S” are glass, as the exhibits are along the center. 


Steel frame in the perisphere form 
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These exhibits are to be spectacular in nature as they 
will be seen from outside. 

The effect of the whole is a gigantic drum with a 
single statue in it. A three dimension solution to a 
mathematical equation, along with other outdoor 
exhibits, would lead the visitor in. He can see spectac- 
ular exhibits in progress through the glass walls of the 
second part of the “S,” and everything “leads” him 
into the pavilion. At night the lighting is from inside 
rather than from without, a feature placing emphasis 
upon the exhibits and somewhat different from con- 
ventional advertising. 

Everything is designed to “draw the visitor in,” to 
humor him and make him comfortable, the keynote of 
good exposition planning. 


PLASTIC FLOW IN METALS 


The study of the mechanism of plastic flow in 
metals has occupied for some time the attention of a 
large number of scleptions and engineers both in this 
country and abroad. This work has included the study 
of plastic flow both in the macro- and in the micro- 
structures, in the crystal lattice, the creep of metals at 
high temperature, and low temperature plasticity. 
Through the combined efforts of various investigators 
working in quite different branches of the subject we 
are gradually piecing together information which will 
lead to a better understanding of the behavior of metals 
under stress and of how to use the materials in a rational 
manner to the best advantage. 

One of the most profitable means to study plastic 
flow in the macrostructure of metals has proved to be 

(Continued on page 122) 
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PAPER 
(Continued from page 111) 


the water being in preponderance. After being thor- 
oughly mixed they flow into the distribution box. The 
next step is filtration, from which the mixture moves to 
the flow box which is so constructed as to permit the 
pulp to run over against an apron. On the oes edge 
of the apron is an adjustable tip which regulates the 
thickness of flow and consequently the thickness of the 
resulting paper. The thin layer of pulp and water flows 
onto a wire screen which is supported on rollers. The 
screen is very fine, being composed of from 55 to 75 
wires per inch. Supported as it is it forms somewhat 
of a table, which is vibrated laterally to cause the even 
distribution and interweaving of the fibers. Some suc- 
tion is applied on the underside of the table to remove 
part of the excess water. As the pulp approaches the 
end of the table the dandy roll presses and smooths the 
pulp from above. Fine wires embossed on this roll will 
watermark the paper and give it various textures. The 
paper is now strong enough to make an unsupported 
jump to the press. 

In the press the paper travels on felt over suction 
boxes and between three pairs of rollers. The purpose 
of this operation is to strengthen the paper and reduce 
water content to between 60 and 70 per cent. 

The drier is nothing more than a series of some 
25 to 35 steam heated rollers. The paper passes over the 
rollers, and while it is in contact with them a belt of 
felt moves with it to absorb water and press the paper 
against the roller. The rollers are generally in two hori- 
zontal planes. This necessitates two endless belts of 
felt, one above the top tier of rollers and the other 
below the lower tier. The paper passes over or under 


Jordan’s digester 





Dry end of paper machine 





all the rollers, being alternately on the top and bottom. 
As the paper leaves the last drier it moves to the cal- 
ender, which by pressure gives the paper a smooth hard 
finish. The calender is a vertical column of rollers 
between which the paper passes. If the hard finish is 
not desired the paper passes directly to the winding 
reels. Supercalenders will produce an extra hard finish. 
Cutters cut the finished paper down to more practical 
widths. 

The outstanding aspect of.the whole operation is 
its speed. In the case of newsprint the paper may 
travel as fast as 1,400 feet per minute. This speed with 
the continuity of the machine produces paper at an 
unbelievable rate. 

Another type of machine is in use chiefly in the 
manufacture of paperboard. A wire mesh cylinder 
revolves in a vat of pulp and water. Suction inside the 
cylinder draws the water through the cylinder, leaving 
a mat of pulp on the surface of the cylinder. A moist 
felt belt picks off the mat and conveys it to a press 
and drier. 

The paper is now complete and ready to be mar- 
keted. The process is fairly simple and in practice few 
obstacles arise. The manufacturer, however, is con- 
tinually harassed, not by mechanical difficulties, but 
rather by economic difficulties. 

The economics of paper present a most confusin 
picture. The industry represents a $2,500,000,000 
investment which is as uncertain as the weather. Plants 
manufacturing newsprint in 1912 are producing book 
paper today, and oii is the tenor of the whole industry. 

Paper began to sink into a depression of its own 
about 1928 after a high in 1925, but by 1933 it had 
started up again. 1937 found the industry operating at 

(Continued on page 119) 
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PAPER 
(Continued from page 118) 


an all-time high of 89 per cent of capacity as contrasted 
with the 1932 figure of 58 per cent. However, the joy 
of the manufacturer is counterbalanced by the disdain- 
ful apprehension of the paper economist who fears 
overproduction followed by the inevitable price collapse. 

The industry’s weakness was indicated by the many 
companies that went under in the thirties. Typical of 
the industry is the floundering giant, International 
Paper and Power. Its net assets total $240,000,000, 
but it is an unwieldy mass of subsidiaries and sub- 
subsidiaries. The corporation began as an attempt to 
gain a corner on newsprint, but failed. International 
now manufactures ota every type of paper and sells 
electric power on the side. Some efficiently managed 
concerns were able to show a profit through the depres- 
sion such as Kimberly-Clark, which made $438,000 in 
1935, its worst year. 

A word might be said here about the oft-mentioned 
“shortage” of wood. Conservationists have falsely led 
people to believe that there is a shortage of wood. The 
wood is there but the difficulty lies in its accessibility. 
Mills were originally built where the trees were. The 
forests have receded, but wood transportation costs 
have not as yet justified the construction of new mills. 
At any rate, paper mills are not the great denuding 
factor in our forests, for only four per cent of all timber 
cut annually goes into paper making. 

In regard to wood, word comes from the South that 
a manufacturer has devised a method of producing 
newsprint from southern pine. If this is true, it will be 
a disastrous blow to New England paper. 

In addition to the problems already implied, the 

(Continued on page 124) 
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In the 1878 issue of Lloyds’ Register of British and Foreign Shipping, 
the screw steamer ‘‘Annie’’ was classed as stee/—the first ship to be 
so rated. Shipping had grown up—within the span of a single genera- 
tion, ships of stee/ supplanted vessels of wood and iron in carrying 
the cargoes of the world. In this swift development, R B & W— 
already backed with 33 years of experience — played an important 
part by furnishing EMPIRE Brand Bolts, Nuts and Rivets for the 
assembly of hulls, machinery and equipment necessary for propul- 
sion and navigation. 

R B& W manufacture a complete line of threaded, upset and punched 
products including various types and finishes of Bolts, Nuts, Rivets, 
Washers, Screws, Pinsand Rods. R B& W EMPIRE products are the 
standard of industry. 

Write for free booklet on Bolt, Nut and Rivet design. 
Shows standard methods of designation in drafting. 
Fits conveniently in drawing instrument case. 





RUSSELL, BURDSALL & WARD 
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careful planning and constant watchfulness are neces- 
sary on the part of the construction superintendent and 
his staff to see that the work progresses according to 
schedule, is done efficiently, concrete and other mate- 
rials are not damaged by the weather, and formwork, 
tarpaulins and other inflammable materials do not take 
fire. 

A few features of the general planning of a project 
of this character may be of interest. As soon as the 
architects working with the Institute staff developed 
the general requirements of the building, its pa i 
and architectural treatment, but before any working 
drawings or details were available, a budget estimate 
of cost was prepared, carefully considered by the gov- 
erning beak of the Institute, and the project was 
authorized. Before working drawings were started, a 
construction schedule was made, showing in detail the 
sequence and time required for each principal construc- 
tion operation, in order that the building might be 
completed at the scheduled date. A drawing schedule 
was then prepared, based on the construction chart, 
giving the date on which each drawing, structural, 
mechanical, and electrical, must be completed to allow 
proper time for the purchase, fabrication, and delivery 
of materials as well as the actual use of the drawing in 
the field. A purchasing schedule was prepared showing 
the date on which plans and ae must be 
sent out for bids, and contracts placed to accomplish 
this same purpose. These three aaabaies, construction 
progress, Senin and purchasing, are carefully fol- 

(Continued on page 120) 
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(Continued from page 119) 


lowed throughout the entire job, revised, and kept up 
to date if conditions change, and are the keynote in 
carrying out efficiently the design and construction of 
any important project. Similarly, the cost of each sub- 
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| 

division of the work as it is purchased, and as it pro- 
| gresses on the job, is ieecheded | with the amount allotted 
in the budget estimate to control the overall cost of 
the finished construction. 

In the north, south, and east wings, where the 
spans between columns are normal, ranging from 23 to 
27 feet, and where the type of framing can be repeated 
in each of the four stories, reinforced concrete is obvi- 
ously an economical type of construction. In the dome 
section, however, a number of-considerations dictated 
the choice of a structural steel frame above the first 
floor. The interior is entirely open with spans of 45 
feet between interior columns and 75 feet across the 
entrance portico. The time required to develop impor- 
tant architectural details in this portion of the building 
would not permit the construction of the dome section, 
story by story, along with the wings. The use of steel 
framing permitted fabrication to proceed and allowed 
some flexibility to make changes in the framing which 
might be required by the development of architectural 
details. When field erection started, the steel frame 
could be erected quickly, thereby catching up with 
further advanced construction of the wings, so that the 
limestone and brickwork of the dome section could be 
carried on simultaneously with similar work on the 
wings. Furthermore, the construction of the reinforced 
concrete dome on top of the steel frame could be started 
as soon as the steel was erected, and could be carried 
forward while the concrete floors and other masonry 
work on the steel frame below were being placed, thus 
bringing the entire structure to completion in an orderly 
and economical sequence. 
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There are four steel trusses at the roof level around 

the open interior of the dome. They are each 10 feet 
4 inches deep, span 45 feet, and support the structural 
reinforced concrete dome with its limestone exterior 
covering, the inner plaster dome, which is hung from 
the concrete dome, and the roof. Across the portico on 
Massachusetts Avenue there is one steel truss over 
18 feet deep and spanning 75 feet, which carries the 
facade over the colonnade, the roof, and fourth floor. 
The ceiling of the main entrance portico is of limestone 
in a series of deep panels, and clearances require that 
the concrete of the fourth floor above the portico be 
poured directly on the limestone ceiling. The blocks 
of limestone forming the portico ceiling are to be hung 
by bolts from steel beams framing between the 75-foot 
span steel truss and hangers from the 45-foot span par- 
allel to the interior truss. A careful study of Pe stl 
and provision in the details for adjustment to compen- 
sate for these deflections were required to avoid crack- 
ing of the portico ceiling. The stones around the perim- 
eter of each panel are to be picked up by a series of 
bolts to the steel beams, the fiaceal of each bolt being 
carefully adjusted by means of its threaded nut to cor- 
respond to the deflection of the steel beams as the stone 
load comes upon them, so that each bolt throughout 
the length of any one stone will carry equal loads. The 
steel beams will then be concreted in, and finally, when 
this concrete has set so as to stiffen the entire ensemble, 
the floor slab between the beams will be poured. 

One of the most interesting structural design prob- 
lems concerned the support of the open galleries at the 
second and third floor levels on the north, south, and 
east sides of the open interior space under the dome. 
There are two large, ornamental cast stone columns at 
the face of each gallery, spaced between the structural 
columns, and the architects desired these pillars to be 
completely free, standing from the first floor to the 
cornice around the base of the interior dome, which 
precluded supporting the face of the galleries on them. 
Hangers from the roof trusses were also ruled out archi- 
tecturally. This left the face of each gallery with a 
span of 45 feet, with a further architectural require- 
ment that the vertical face of the gallery be as thin as 
possible, preferably not over 12 inches. This was much 
too shallow for any beam to span 45 feet. An attempt 
was made to design the ornamental railing above the 
face of each gallery as a structural truss spanning the 
45 feet, but the appearance and material desired for 
this railing did not lend themselves well to this expe- 
dient. Cantilever construction seemed the only answer, 
but various factors ruled out the ordinary cantilever. 
Each gallery projects some 13 feet from the wall and 
the architects desired a flat ceiling not deeper than the 
gallery facia all the way back to the wall. The separa- 
tion joints between the dome section and the wings 
precluded merely projecting the floor of the wings as a 
cantilever slab to form the gallery, or carrying canti- 
lever girders at the columns into the wings for anchor- 
age. “Necessity is the mother of invention,” and all 
the usual solutions being blocked for one reason or 
another, the problem was finally solved by developing 
a somewhat unusual cantilever, consisting of pairs of 
integral frames shaped thus [~. The top horizontal 
member lies in the plane of the third floor gallery and 
the bottom horizontal member in the plane of the 
second floor gallery, each consisting of a pair of 12- 
inch channels. The vertical member consists of a pair 
of 18-inch channels. Each frame was welded in the 
shop at the corners to develop the full moment of the 
dead and live gallery floor loads, and was shipped to 
(Continued on page 121) 
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the job in one piece, raised into place, and the vertical 
member of the frame attached to the steel wall column. 
The tendency of the cantilever frame as a whole to 
rotate is resisted by horizontal trusses formed by rod 
diagonals in the floor framing, one at the third floor 
gallery level and the other at the second floor gallery 
level, so that the steel building column carries only the 
vertical load of the galleries. 

For the structural dome, consideration was given 
to several alternate types of construction, including a 
tile arched*dome following the Guastavino system, con- 
crete placed by a cement gun, and poured concrete. 
Poured reinforced concrete was decided upon, but 
considerable study was necessary to determine an eco- 
nomical method of forming this hemispherical struc- 
ture, which has an inside radius of curvature of 41 feet 
3% inches. The base is 70 feet above the first floor and 
the lantern at the top is about 93 feet above the first 
floor, the space beneath being entirely open at the time 
the structural dome is built. Studies were made for 
spanning temporarily with horizontal framing between 
the four 45-foot steel trusses, which carry the dome, 
and building up the dome forms on posts from this 
framing. Another method considered was to build up 
temporary scaffolding the full height from the first 
floor. The method finally adopted consists of fabricat- 
ing and erecting 32 temporary radial steel truss ribs, 
the bottom of each rib being attached to a 70-foot 
diameter steel ring on the roof trusses and the tops of 
the ribs attached to a 24-foot diameter free-hanging 
steel compression ring. The top chords of each rib 
have a length of about 32 feet and were fabricated to 
the inside curvature of the concrete dome. Wood forms 
will be built using these top chord angles both as sup- 
ports and as templates for curvature. The — 
required for the steel ribs is such that they interfere 
with the plaster work beneath, and therefore, after 
the dome concrete is in place, the truss diagonals will 
be burned off, leaving the steel top chord angles perma- 
nently anchored to the concrete, to serve as points of 


(Continued on page 124) 
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department to contact directly with the exhibitors. It 
is a field service in which its representatives travel 
over the country to talk with exchange managers, 
theater managers and projectionists. The purpose has 
been (a) to study both projection and theater screen 
conditions at the theater; (6) to advise the manager and 
projectionist how to get best results with Technicolor 
prints; (c) to listen to complaints and establish good 
will; and particularly (d) to obtain audience, projec- 
tionist and manager reactions to productions in 
Technicolor. 

The results have been most gratifying. The public 
reaction to Technicolor pictures is extremely favorable 
and exhibitors throughout the country are realizing 
more and more that Technicolor has great box-office 
value. 

We are living in a world of color, and the public 
will not be satisfied with its entertainment in black and 
white once it is possible to have it in color. A growing 
use of color in advertisements, in magazines and in 
amateur photography is glowing evidence of this fact. 
Color properly used by the producer will help to create 
moods, will intensify the dramatic effect, and will 
greatly enhance beauty. These are all integral parts 
of showmanship and of entertainment. At first sound 
was thought to be a novelty in motion pictures and 
one not likely to persist. After the producers have had 
the experience with Technicolor that they had with 
sound by the time it became highly perfected, color 
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will no doubt sweep the industry just as did sound, and 
eventually black and white pictures will be as rare as 
silent pictures are today. 

And so the Technicolor business has been charac- 
terized by the application of proven technique to the 
problems of color in an ponat of co-operation and 
a willingness to work for every increasing knowledge. 
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the observation of the so-called flow layers or Lueder’s 





“lines,” they are in reality wedge-shaped masses of 
metal which have been permanently displaced in posi- 
tion and extend through the metal. Considerable 
information may be obtained from a study of the 
laws which govern the origin and spreading of these 
layers. Although most commonly observed in mild 


steel, these layers have been shown to form in various 
other metals, both ferrous and non-ferrous, such as 


aluminum, copper, silver. 
To facilitate and make _—_— a clearer study of 
rofessor C. W. MacGregor 
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tute of Technology a special apparatus termed a “‘Plas- 
tiscope”” which reveals continuously during its forma- 
tion plastic flow as it occurs on the highly polished 
surface of a metal. The apparatus consists essentially 
of a special optical system transferring reflected light 
from the specimen to a large ground glass screen which 
is surrounded by a duralumin hood in order to elimi- 
nate light from other sources. The apparatus is mounted 
on an adjustable bench and is so Sadeesd that it can 
be wheeled.to various testing machines in the laboratory 
and applied to the study of the flow layers produced in 
test pieces of different shapes which are stressed in dif- 
ferent manners in those machines. Using this equip- 
ment, tests have been made by stressing specimens of 
various shapes in the testing machine, attaching a 
movie camera to the apparatus, and making moving 
pictures of the plastic layers as they form. Also by 
means of the Plastiscope, moving pictures have been 
made for the first time of plastic flow in a bar as it is 
cold-rolled in the rolling mill. 

Among other functions of the apparatus may be 
mentioned the projection of the image of a specimen 
which has already been tested on a large screen in the 
lecture room. It is felt that this feature will prove 
effective in teaching the subject. Also, still photographs 
may be made of tested specimens, and the equipment 
may be used to make photomicrographs. 













RADIO 
SHACK 


46 brattle street » « « ¢ © boston 


Offers to M. I. T. 


@ Two rush deliveries daily, 
10.30 A. M. and 12 M. 


@ Highest quality radio equip- 
ment from reputable manu- 


facturers. 

@ A stock unusually extensive 
and available. 

@ Interest in your individual 
problems. 





OCTOBER, 1938 




































YOU CAN TURN OUT BETTER WORK— 
witH HIGGINS Inks 





Whether you are planning a 
new type of motor or some 
minor gadget, ink plays an 
important role in the trans- 
fer of your ideas to paper. a 


Higgins American Drawing 
Inks give you true color and even flow necessary 





for the careful draftsmanship required in your col- 
lege work. Most engineers, architects, designers — 
in their search for the best —have long used Higgins, 
for in Higgins they have found the high quality 
that answers their most exacting and lasting needs. 

Higgins comes in waterproof and soluble blacks, 
17 brilliant waterproof colors, white and neutral tint. 

For better results, buy Higgins at your College 
Store. 


HDG GINS rr vice se sencre a 





J. & L. Steel 








—naturally 


YOUR BANK 


KENDALL SQUARE OFFICE 


HARVARD TRUST 
COMPANY 


Member Federal Deposit Insurance Corporation 





PAPER 
(Continued from page 119) 


manufacturer is faced with labor difficulties. A short- 
age of labor has raised wages prohibitively, and since 
wood pulp enters this country duty free the market is 
prone to fluctuate dangerously as it mirrors labor 
conditions. 

Paper’s problems are numerous, the ones mentioned 
here being only a few. Some help was offered by the 
NRA, but the best solution would be a complete law 
revision— of the laws of economics, as someone has 
said. It is interesting to see what the recent increased 
demand for bleached sulphite pulp will do to the indus- 
try. The future will show whether the industry has 
learned a lesson from the past or will plunge headlong 
into disastrous overproduction. 
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attachment for the hangers which will carry the fur- 
ring for the inner plaster dome. 

The concrete of the structural dome is 7 inches 
thick, and is designed as a rigid structure, reinforced 
with ring steel and radial steel in both top and bottom 
of the slab. Consideration was given to a thinner slab 
designed as a flexible dome, but the difference in cost 
was slight and the rigid dome was distinctly superior 
with respect to possible opening of joints in the lime- 
stone exterior covering and possible cracking of the 
inner plaster dome suspended from it. At the top of 
the dome there is an opening 16 feet in diameter for a 
skylight. This opening is surrounded by a heavy, cir- 
cular ring girder of reinforced concrete which tends to 
fix the dome slab at the top. At the base of the dome 
a series of three heavy concrete steps is required to 
receive the limestone, and these steps are reinforced as 
ring girders which develop appreciable fixity in the 
dome slab at its junction with them. Some thought 
was given to pre-stressing the reinforcing in these ring 
girders to reduce the elongation of the ring steel when 
the forms are removed and the load comes upon them, 
but it was decided that this procedure was unnecessary. 

There are many other interesting details in connec- 
tion with this building, such as the structural design of 
the large windows and grilles at the main entrance, the 
frames of which fit into and deliver the wind load to a 
masonry column over 40 feet high, one-half limestone 
and one-half cast stone, which must be detailed to act 
as a unit and resist the wind load; the structural design 
of the main entrance door frames to resist the shock 
of sudden opening and closing of the doors by their 
photoelectric cell-actuated mechanism; the structural 
design of the 16-foot square horizontal frame and glass 
at the top of the inner dome more than 85 feet above 
the floor which must support safely the weight of men 
to clean the glass, and many other similar features. 

Space does not permit discussion of these details, 
and only part of the problems involved in the struc- 
tural design of a building of this character have been 
discussed. Throughout the entire design the fine co-op- 
eration of the architects in seeking a satisfactory solu- 
tion, both architecturally and structurally, to all of the 
various problems that have arisen should be empha- 
sized. Every project of this character involves close 
co-operation between the architect, the structural, 
mechanical, electrical engineers, and the construction 
organization, each contributing a specialized knowledge 
in his particular field, each appreciating the point of 
view and the problems in the other fields, and helping 
to solve them in order to bring forth a satisfactory 
completed structure. 
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Modern — High Speed 
Dual Control 
and Standard Types 


Ask for Specifications of these highly productive 
[|BS modern mulling machines. Brown & et Mfg. 


Co., Providence, R. I. 


BROWN & SHARPE 
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Okonite Wires and Cables are designed for 
every condition of use in each of these 
phases of any electrical system. 


A 220,000-volt transmission cable or the 
smallest control wire may be the vital link 
in the chain, and seven laboratories in the 
Okonite factories provide the testing facilities 
that insure equivalent strength in each link. 


There are many bulletins available on 


Okonite products that will help in solving 
problems involving insulated conductors. 


THE OKONITE COMPANY 


Founded 1878 


Executive Office aa Passaic, New Jersey 
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Trade-Mark Registered U.S. Patent Office 
Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. 
The colored spots are our trade-mark, used only with this quality. 
We make braided cord of all sizes, kinds, and colors for all purposes, including sash cord, clothes lines, trolley cord, signal cord, arc lamp 


cord, and many special cords for special purposes; also cotton twines. 
CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 


89 Broad Street, Boston 9, Mass. 


ON SPOT SASH CORD 














‘SPEED DEMON’”’ 


7" the new speed champion—a champion who 
has never seen a speedway or flown an airplane. 
The Olympics mean nothing to him. 


“He” is a tiny quartz crystal that has set a new record 
by vibrating at a pace that puts the hard-working 
human heart to shame—20,000,000 vibrations a second, 
or 16,666,666 times faster than the normal human 
heartbeat. 


This speed demon is used in a new oscillator developed 
by General Electric engineers for maintaining constant 
frequencies in radio transmitting. Careful mechanical 
grinding and painstaking polishing by hand reduce 
the rough crystals to the size required for the particular 
broadcasting frequency used. Then the simple instrument 
is installed in the transmitter circuit and goes to work 
making the station stay on its assigned wave length. 







THIS IS JUNIOR, 
-HASN'T HE 
GROWN ? 





THE BABY GROWS UP 
IXTEEN years ago G-E radio engineers crossed their 
fingers and snapped a switch in one of the labora- 
tories at Schenectady—and a split second later heard 


through clumsy earphones, “This is WGY, radio broad-. 


casting station of the General Electric Company, 


Schenectady, New York.” 


That was the “birth announcement” for this G-E station, 
whose rise from swaddling clothes to the lusty strength 
of sixteen years has paralleled the rise of radio broad- 
casting from experiment to smooth efficiency. 


From the start, WGY was an unusual child. When only 
three days old, it started pioneering by presenting the 






GE Campus News 


first remote-control broadcast. And the pioneering is still 
going strong. As the station grew, it provided the ground- 
work for network broadcasting, mobile transmission, 
coast-to-coast television broadcasts. 

This year, WGY celebrates its sixteenth birthday with a 
new 625-foot nondirectional antenna (70 feet higher tha. 
Washington Monument) and a modernistic new studio 
building with everything from a model kitchen to a large 
audience studio. 

Engineers conduct tests on the young giant day and 
night. Some are the veterans who started years ago— 
others are recent graduates of engineering schools as- 
signed to the control rooms and transmitters upon 
completion of their G-E training courses. Results of the 
tests these two groups conduct today will appear as 
refinements in the broadcasting of tomorrow. 
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ELECTRICAL TROUBLE SHOOTER 


WO men are carefully examining a large x-ray 

photograph in a darkened room. One of them points 
to some dark spots, some wavy lines. ... “There’s the 
trouble.” 


This might well be taking place in a large medical labora- 
tory. Instead, factory production lines and machinery are 
only a few feet away —it is a testing room in which x-ray 
photographs of steel castings are examined. In many 
such rooms, in all parts of the country, other engineers 
are making like tests—tests that ferret out defects in 
castings before they can cause trouble. 

Knowing in detail the symptoms of every defect, these 
engineers, guided by the x-ray, detect gas pockets, shrink- 
age areas, and internal cracks. They eliminate all but 
“smooth” castings. 


Such applications, of which many persons are not aware, 
are typical results of the constant search by G-E engi- 
neers for new uses of the x-ray. And not all of these 
engineers are veterans—some only a few years ago com- 
pleted their studies in engineering schools and came on 
Test with General Electric. 
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